Nuclear factor B (NF-B) plays important roles in innate immune responses by regulating the expression of a large number of target genes involved in the immune and inflammatory response, apoptosis, cell proliferation, differentiation, and survival. To survive in the host cells, viruses have evolved multiple strategies to evade and subvert the host immune response. Herpes simplex virus 1 (HSV-1) bears a large DNA genome, with the capacity to encode many different viral proteins to counteract the host immune responses. In the present study, we demonstrated that HSV-1 protein kinase US3 significantly inhibited NF-B activation and decreased the expression of inflammatory chemokine interleukin-8 (IL-8). US3 was also shown to hyperphosphorylate p65 at serine 75 and block its nuclear translocation. Two US3 mutants, K220M and D305A, still interacted with p65; however, they could not hyperphosphorylate p65, indicating that the kinase activity of US3 was indispensable for the function. The attenuation of NF-B activation by HSV-1 US3 protein kinase may represent a critical adaptation to enable virus persistence within the host.
and radiation (38) . Most NF-B dimers are inactively sequestered in the cytoplasm because of their association with IB proteins, the most common of which is IB␣. Upon stimulation, IB proteins are phosphorylated to degradation by the IB kinase (IKK) complex, which contains two catalytic subunits, IKK␣ and IKK␤, as well as a regulatory subunit, IKK␥ (NF-B essential modulator [NEMO] ) (39, 40) . This leads to liberation of the NF-B p65/p50 heterodimers, their nuclear translocation, and NF-B-dependent gene transcription. Numerous upstream signaling cascades converge on the IKK complex, which is therefore the central mediator of canonical NF-B activation. The activation of NF-B can induce the expression of IFN-␤, MHC-I, and several inflammatory cytokines (for a review, see reference 41) . And that is believed to protect hosts from viral pathogens. Hence, a wide variety of viruses counteract NF-B activation with various strategies to evade the immune responses. Furthermore, viruses may modulate NF-B signaling to enhance viral replication and prevent virusinduced apoptosis (42, 43) . In most cases, these viruses encode proteins that disrupt or modulate immune responses by targeting specific aspects of the NF-B signaling pathway.
Intensive studies have shown that viral genes carried by Epstein-Barr virus (EBV) (44) (45) (46) , cytomegalovirus (47, 48) , and varicella-zoster virus (VZV) (49) regulate the NF-B pathway in a cell type-dependent manner. HSV-1 also encodes proteins to disturb the NF-B pathway (50) (51) (52) (53) . ICP27, an immediate early gene product of HSV-1, has been shown to antagonize NF-B signaling (54) . VHS, a tegument protein which is carried in the virion and delivered into CD8 ϩ dendritic cells (DCs), blocks the early-replication-independent activation of NF-B during HSV-1 infection (55) . The HSV-encoded late gene product ␥ 1 34.5 protein inhibits activation of NF-B in CD8 ϩ DCs (56) . The large genome of HSV-1 therefore enables the encoding of numerous proteins that modulate host innate immune responses. In the present study, we demonstrated that HSV-1 US3 dramatically downregulated NF-B activation. US3 blocked tumor necrosis factor alpha (TNF-␣)-induced nuclear translocation of p65 and decreased expression of inflammatory chemokines.
MATERIALS AND METHODS
Cells, viruses, and antibodies. HEK293T cells and Vero cells were grown in Dulbecco's modified Eagle medium (DMEM; Gibco-BRL) supplemented with 10% fetal bovine serum (FBS) and 100 U/ml of penicillin and streptomycin. HeLa cells were maintained in Eagle's minimum essential medium (MEM; Gibco-BRL) supplemented with 10% FBS.
The wild-type (WT) HSV-1 F strain and its derivative HSV-1-US3-Flag, US3-Del-HSV-1, K220M-HSV-1, and D305A-HSV-1 recombinant viruses were propagated in Vero cells and titrated as described previously (28, 57) .
The protease inhibitor mixture cocktail was purchased from CST (Boston, MA). Mouse anti-Myc (isotype IgG1), anti-hemagglutinin (HA) (isotype IgG2b), and anti-Flag (isotype IgG2b) monoclonal antibodies (MAbs) were purchased from ABmart (Shanghai, China). Mouse monoclonal IgG1 and IgG2b isotype control antibodies were purchased from eBioscience Inc. (San Diego, CA). Rabbit polyclonal anti-US3 was purchased from GL Biochem Ltd. (Shanghai, China). Rabbit polyclonal anti-IB␣ and rabbit polyclonal anti-p65 were purchased from Proteintech (Wuhan, China), and mouse anti-␤-actin MAb was purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Human recombinant TNF-␣ (rTNF-␣) was purchased from Biovision (San Francisco, CA).
Plasmid construction. All enzymes, except for T4 DNA ligase (New England BioLabs, MA), used for cloning procedures were purchased from TaKaRa (Dalian, China). To construct US3-Flag, the US3 open reading frame (ORF) of HSV-1 F strain (GenBank accession no. GU734771.1) was amplified from plasmid US3-EYFP as previously described (58) and cloned into the BglII and EcoRI sites of the pCMV-Flag vector (Beyotime, Shanghai, China). Other plasmids were constructed similarly. Flag-NIK was amplified from the gift plasmid pcDNA3-NIK (59) . Commercial reporter plasmids include NF-B-Luc (Stratagene, La Jolla, CA) and RL-TK plasmid (Promega). Gift plasmids include the following: pCMV-p65-Flag (60), pFlag-IKK␤ (61), pHA-IKK␣ (62), and pXP2-p-IL-8-Luc (63) .
Transfection and DLR assays. HEK293T cells were plated on 24-well dishes (Corning, NY) in DMEM (Gibco-BRL, MD) with 10% FBS at a density of 1 ϫ 10 5 cells per well overnight before transfection as previously described (64) . Cells were then cotransfected with 500 ng expression plasmid, 500 ng NF-B-Luc, and 50 ng of RL-TK (internal control) to normalize transfection efficiency, as indicated by standard calcium phosphate precipitation (65, 66) . Twenty-four hours posttransfection, cells were mock treated or treated with recombinant human TNF-␣ (10 ng/ml) or interleukin-1␤ (IL-1␤) (10 ng/ml) for 6 h, and then dual-luciferase reporter (DLR) assays were performed as previously described (64) with a luciferase assay kit (Promega, Madison, WI). All reporter assays were completed at least in triplicate, and the results were shown as average values Ϯ standard deviations (SD) from one representative experiment.
RNA isolation and semiquantitative RT-PCR. Total RNA was extracted from HEK293T cells with TRIzol (Invitrogen, CA) according to the manufacturer's manual. Samples were digested with DNase I and subjected to reverse transcription. The cDNA was used as a template for semiquantitative PCR to investigate the expression pattern of human IL-8 and GAPDH (glyceraldehyde-3-phosphate dehydrogenase). The detailed protocols have been previously described (64) .
Immunofluorescence assays. Immunofluorescence assays were performed as described previously (67) . In brief, HeLa cells were transfected with the indicated plasmids for 24 h and then fixed in 4% paraformaldehyde, washed three times with phosphate-buffered saline (PBS), and permeabilized with 0.5% Triton X-100 in PBS for 10 min. The cells were rinsed with PBS and then incubated with PBS containing 5% bovine serum albumin (BSA) for 30 min at room temperature. Subsequently, cells were incubated with rabbit anti-p65 pAb (diluted 1:50) or with mouse anti-Flag MAb diluted (1:1,500) in PBS containing 0.5% BSA for 2 h at 37°C, followed by incubation with tetramethyl rhodamine isocyanate (TRITC)-conjugated goat anti-rabbit IgG (Pierce) and fluorescein isothiocyanate (FITC)-conjugated goat anti-mouse IgG (Sigma-Aldrich) in PBS containing 0.5% BSA for 1 h at 37°C. After each incubation step, cells were washed extensively with PBS. Samples were analyzed by fluorescence microscopy (Zeiss, Germany).
Co-IP assays. Coimmunoprecipitation (co-IP) assays were performed as previously described (57) . Briefly, HEK293T cells (5 ϫ 10 6 ) were cotransfected with 10 g of US3-Flag expression plasmids. Transfected cells were harvested at 24 h posttransfection and lysed on ice with 500 l of lysis buffer. The lysate was incubated with 0.5 g of the Flag antibodies and 30 l of a 1:1 slurry of protein A/G Plus-agarose (Santa Cruz, CA) overnight at 4°C. The beads were washed four times with 1 ml of lysis buffer containing 500 mM NaCl, and Western blotting (WB) analysis was performed to detect endogenous p65 using p65 antibody. The co-IP assays were repeated twice, and typical blots are shown in the figures.
RESULTS

HSV-1 US3 inhibits NF-B activation.
Given the importance of NF-B signal transduction pathways in regulating the expression of functionally important immune molecules, we sought to determine whether US3 protein kinase modulated NF-B activity. Proinflammatory cytokines induced by viral and bacterial infections (e.g., TNF-␣, IL-1, dsRNA, and lipopolysaccharide [LPS]) and cellular stresses (e.g., phorbol esters and UV) activate the canonical NF-B signaling pathway (34, 68, 69) . NF-B-Luc and RL-TK were cotransfected into HEK293T cells with or without US3-Flag. DLR assays were performed with cells treated with TNF-␣ or IL-1␤. As expected, ectopic expression of US3 significantly inhibited both TNF-␣-and IL-1␤-induced NF-B activation compared to the control vector ( Fig. 1A) . Additionally, US3 inhibited TNF-␣induced NF-B promoter activity in a dose-dependent manner (Fig. 1B) . The expression of the US3 protein was confirmed by WB analysis (Fig. 1B) . Taken together, these results demonstrated that US3 dramatically reduced NF-B activation.
The kinase activity of US3 is essential for the inhibition of NF-B activation. HSV-1 US3 is a viral Ser/Thr kinase. To determine whether the kinase activity of US3 is required for the inhibition of NF-B activation response, the kinase-dead (KD) US3 mutants K220M and D305A were generated. The expression plasmids were cotransfected into HEK293T cells to examine their ability to inhibit TNF-␣-induced NF-B reporter gene activities. In agreement with Fig. 1 , expression of wild-type US3 strongly blocked TNF-␣-mediated activation of NF-B reporter. Expression of K220M or D305A, however, failed to repress the activation of NF-B (Fig. 2) . These results suggested that the kinase activity of US3 is essential for inhibiting NF-B activation.
HSV-1 US3 impedes the production of NF-B-regulated cytokines IL-8. The activation of NF-B leads to production of antiviral cytokines and chemokines. To verify whether US3 downregulated NF-B-regulated cytokines, IL-8-luciferase reporter assays were performed with an IL-8 reporter plasmid. HEK293T cells were transfected with IL-8-Luc and RL-TK in the presence or absence of US3-Flag. Twenty-four hours posttransfection, HEK293T cells were treated with TNF-␣, and the luciferase activities in both p-IL-8-Luc-transfected cells were not affected by the control vector; however, US3 significantly inhibited IL-8-luciferase activity (Fig. 3A) . To further determine the role of US3 in the inhibition of TNF-␣-induced IL-8 production, IL-8 mRNA accumulation was measured by RT-PCR. As expected, mRNA levels of endogenous IL-8 were strongly upregulated by TNF-␣ stimulation ( Fig. 3B ), whereas US3 significantly reduced the accumulation of IL-8 mRNA. We also detected the accumulation of IL-8 mRNA under HSV-1 infection. As shown in Fig. 3C , the mRNA level of IL-8 was strongly upregulated in US3-del-HSV-1-infected cells compared with the wild-type HSV-1-infected cells. More-over, cells infected with US3 kinase mutant viruses K220M-HSV-1 and D305A-HSV-1 induced higher IL-8 mRNA levels than that induced by WT HSV-1 infection. These results indicated that HSV-1 US3 blocked the production of NF-B-regulated innate cytokines and the kinase activity of US3 is indispensable to prevent the production of NF-B-regulated innate cytokines.
US3 inhibits NF-B signaling pathway at the p65 level. To further investigate at what level in the pathway US3 blocked 
FIG 2
The kinase activity of US3 is essential for its inhibition of NF-B activation. Luciferase assays in HEK293T cells were performed as described for Fig. 1A to measure the activation of the NF-B promoter following TNF-␣ stimulation in the presence of US3-Flag, K220M-Flag, or D305A-Flag. The expression of US3 and its mutants was verified by WB using mouse anti-Flag MAbs and anti-␤-actin monoclonal antibodies. The data represent means plus standard deviations for three replicates. Statistical analysis was performed using Student's t test. **, P Ͻ 0.01. NF-B activity, we performed a dose-response assay with increasing amounts of Flag-tagged US3 and the expression plasmids of canonical NF-B signaling pathway components, including TRADD (TNF receptor type 1-associated death domain), TRAF2
(TNF receptor-associated factor 2), TAK1 (TGF-␤-activated kinase 1), RIP1 (receptor-interacting serine/threonine protein kinase 1), NIK (NF-B-inducing kinase), IKK␣, IKK␤, and p65. Expression of TRADD efficiently activated NF-B-Luc reporter production 78-fold ( Fig. 4A) . And all the other expression constructs resulted in a 10-to 200-fold induction of the NF-B-Luc reporter activity (Fig. 4B to H) . NF-B promoter activation driven by all of the expression constructs was inhibited by US3 in a dosedependent manner (Fig. 4A to H) . Collectively, these results suggested that US3 protein probably acted at or downstream from the level of p65 in the NF-B signaling pathway.
US3 interacts with endogenous p65. In order to clarify the molecular mechanism of US3 to suppress NF-B activation, we analyzed the potential interaction between p65 and US3. US3-Myc and pCMV-p65-Flag expression plasmids were cotransfected into HEK293T cells, and co-IP/WB analysis was performed with anti-Myc and anti-Flag MAbs. The ectopic expression of p65 was efficiently coimmunoprecipitated with US3 by anti-Myc MAbs (Fig. 5A) .
We further investigated the interaction between US3 and endogenous p65; co-IP/WB analysis indicated that the endogenous p65 protein was efficiently coimmunoprecipitated with US3 by anti-Flag MAbs (Fig. 5B ), and the interaction was independent of TNF-␣ stimulation. Furthermore, HEK293T cells were infected with HSV-1-US3-Flag to investigate the interaction between US3 and p65 in the context of viral infection with or without TNF-␣ stimulation. As a result, endogenous p65 was coimmunoprecipitated with US3, confirming the interaction between p65 and US3 ( Fig. 5C, upper panel) . We next infected the cells with wild-type HSV-1, and co-IP/WB analysis was performed with anti-p65/US3 and anti-US3/p65. The endogenous p65 was coimmunoprecipitated with US3 under viral infection (Fig. 5C, lower left panel) . Moreover, the reciprocal IP reinforced their interaction (Fig. 5C , lower right panel).
Given that US3 kinase activity is important for the inhibition of NF-B response, the US3 kinase mutants K220M and D305A were transfected into HEK293T cells separately. Co-IP/WB analysis indicated that the endogenous p65 protein was also efficiently coimmunoprecipitated with the two mutants ( Fig. 5D ). Thus, US3 interacted with endogenous p65, and kinase activity of US3 was dispensable for the interaction.
US3 hyperphosphorylates p65 at the site of serine 75. Subsequently, we investigated whether p65 was a substrate of US3 protein kinase. To test this hypothesis, HEK293T cells were transfected with pCMV-p65-Flag alone or with pCMV-US3-Flag, pCMV-K220M-Flag, or pCMV-D305A-Flag. As shown in Fig. 6A , p65-Flag was shown as a slower-migrating form under the expression of US3-Flag but not K220M-Flag or D305A-Flag, indicating that p65 was hyperphosphorylated by US3 and the kinase activity of US3 was indispensable.
US3 usually targets Ser or Thr residues within motifs containing Arg or Lys. In order to identify the hyperphosphorylation sites of p65 by US3, the plasmids expressing p65-Myc and US3-Flag were cotransfected into HEK293T cells, and p65-Myc was immunoprecipitated by Myc MAb and subjected to SDS-PAGE analysis. The hyperphosphorylated p65 was cut and subjected to mass spectrometry. As shown in Fig. 6B , two potential hyperphosphorylation sites (S75 and T78) of p65 were identified. Three p65 mutants (ST/AA-Myc, S75A-Myc, and T78A-Myc) were then constructed to identify the exact hyperphosphorylation amino acids. As shown in Fig. 6C , T78A-Myc was also hyperphosphorylated by US3-Flag just like as p65-Myc, whereas ST/AA-Myc and S75A-Myc were not. The data indicated that p65 was hyperphosphorylated by US3 at the site of serine 75.
US3 prevents nuclear translocation of p65.
Nuclear translocation of p65 is crucial for the transcription of NF-B. We hypothesized that hyperphosphorylation of p65 by US3 might abrogate the nuclear trafficking of this NF-B subunit. In order to address posttransfection, cells were harvested and lysed, and the samples were then subjected to immunoprecipitation assays using anti-Myc MAb (IP with anti-Myc) or nonspecific mouse monoclonal antibody (IgG). WBs were probed with the indicated Ab. (B) HEK293T cells were transfected with US3-Flag. Twenty-four hours posttransfection, cells were mock treated or treated with TNF-␣ and incubated for an additional 6 h, cells were harvested and lysed, and the samples were then subjected to immunoprecipitation assays using anti-Flag MAb (IP with anti-Flag) or nonspecific mouse monoclonal antibody (IgG). WBs were probed with the indicated Abs. (C) (Upper panel) HEK293T cells were infected with HSV-1-US3-Flag virus (multiplicity of infection [MOI], 10). Twenty-four hours postinfection, cells were mock treated or treated with TNF-␣ and incubated for 6 h. Immunoprecipitation assays were performed by anti-Flag (IP with anti-Flag) and WBs with anti-p65. (Lower panel) HEK293T cells were infected with WT HSV-1 (MOI ϭ 10). Twenty-four hours postinfection, immunoprecipitation assays were performed by anti-US3 (IP with anti-US3) and WBs with anti-p65. The reciprocal IP was analyzed by anti-p65 (IP with anti-p65) and anti-US3. (D) HEK293T cells were transfected with K220M-Flag and D305A-Flag expression plasmids separately. Twenty-four hours posttransfection, cell lysates were immunoprecipitated with anti-Flag, or nonspecific mouse monoclonal antibody (IgG) WBs were probed with anti-p65. this hypothesis, immunofluorescence was carried out to investigate whether US3 prevented the nuclear translocation of p65. HeLa cells were transfected with a US3-Flag plasmid or a control vector and stimulated with TNF-␣ for 30 min, followed by immunostaining of p65 and Flag-tagged US3. Although p65 predominantly located in the cytoplasm in mock-treated cells (Fig. 7 , upper row), TNF-␣ treatment resulted in the nuclear translocation of p65. Ectopic expression of US3 prevented the nuclear translocation of p65 induced by TNF-␣ ( Fig. 7) . However, two mutants of US3 kinase, K220M and D305A, did not block the nuclear translocation of p65 induced by TNF-␣ (Fig. 7) . These results demonstrated that the hyperphosphorylation of p65 by US3 was sufficient to prevent the nuclear accumulation of NF-B and thereby to preclude its transcriptional activity.
DISCUSSION
In this study, HSV-1-encoded US3 has been demonstrated to be able to inhibit TNF-␣-stimulated NF-B signaling pathway. Given that the innate immune response is the first line of host antiviral systems, these results indicate that US3 plays an important role in immune evasion of the NF-B signal transduction pathway. This pathway controls transcription of many immune molecules required to initiate an immune response to foreign pathogens, and so disruption of this pathway is likely to suppress critical immune effector capacity of the host cell.
It was previously reported that HSV-1 infection led to suppression of NF-B activity (50) (51) (52) (53) (54) (55) (56) , which was also described by other members of the herpesvirus family, including EBV, VZV, and Kaposi's sarcoma-associated herpesvirus (KSHV) (70) (71) (72) . EBV BGLF4 is a member of the conserved herpesvirus kinases, having been found to phosphorylate several cellular and viral transcription factors, modulate their activities, and regulate downstream events. UXT is an NF-B coactivator and interacts with NF-B. BGLF4 phosphorylates UXT at the Thr3 residue. This modification interferes with the interaction between UXT and NF-B. Thus, it attenuates NF-B-mediated repression of the EBV lytic infection (70) . VZV ORF61 is identified as an inhibitor of TNF-␣-mediated activation of NF-B within VZV-infected DCs, and its E3 ubiquitin ligase domain is essential (71) . HSV-1 protein kinase US3 has been previously reported to be a potent inhibitor of IFN response, serving as one of several strategies used by HSV-1 to interrupt the innate immune system. It has been reported that removal of US3 increased IRF3 activation and Toll-like receptor 3 (TLR3) and IFN levels in infected monocytic cells (27) . Our recent work has also clarified that the dimerization and nuclear translocation of IRF3 were blocked because of its hyperphosphorylation by US3 (28) . In this study, HSV-1 US3 was demonstrated to block NF-B activation and the expression of downstream cytokines. US3 also hyperphosphorylated p65 at serine 75 and abolished its nuclear translocation. A recent study showed that US3 inhibited TLR2-mediated activation of NF-B through reducing TRAF6 polyubiquitination (73) . However, the evidence was not convincing, as the effect of US3 on p65 was done only by DLR assays and the activation effect of p65 was very low. It also indicated that US3 may inhibit NF-B activation via multiple strategies.
HSV-1 US3 is a protein kinase, which is conserved within alphaherpesvirus. K220 of HSV-1 US3 is critical for ATP binding, and D305 is critical for catalytic activity (74) . The K220M and D305A mutants were constructed to investigate whether the kinase activity of US3 is necessary for the inhibitory activity against the NF-B pathway. And our results show that the mutants could not block the activity of TNF-␣-induced NF-B promoter and hyperphosphorylate p65, indicating that the kinase activity was indispensable for the inhibitory activity.
It was reported that degradation of IB␣ and nuclear translocation of NF-B are not sufficient to promote a maximal NF-B transcriptional response. Rather, the NF-B complex must un-dergo additional posttranslational modifications involving sitespecific phosphorylation (75) . The p65/RelA subunit of NF-B is a principal target for phosphorylation by various kinases, which function both in the cytoplasm and in the nucleus under differential induction by various stimuli (reviewed in depth in references 75 and 76) . Both the RHD and the transcription activation domain (TAD) of p65 contain key sites (serine, threonine, or tyrosine that can be phosphorylated by kinases) that are specifically targeted by these kinases. One of the key phosphorylation events Twenty-four hours posttransfection, cells were treated with TNF-␣ or mock treated for 30 min as indicated. Cells were stained with mouse anti-Flag and rabbit anti-p65 pAb. FITC-conjugated goat anti-rabbit (green) and TRITC-conjugated goat anti-mouse (red) were used as the secondary antibodies. Cell nuclei (blue) were stained with Hoechst 33258. The images were obtained by fluorescence microscopy using a 40ϫ objective.
involves the action of the catalytic subunit protein kinase A (PKAc), which modifies the serine 276 residue that is located within the RHD of p65. This posttranslational modification regulates both the DNA-binding and oligomerization properties of NF-B (77, 78) . Phosphorylation of serine 276, however, is not exclusively mediated through PKAc. Whereas lipopolysaccharide (LPS) stimulation triggers PKAc action (79, 80) , TNF-␣ stimulates phosphorylation of serine 276 through mitogen-and stressactivated kinase 1 (MSK1) (81) , which enhances NF-B transcriptional activity. Interestingly, PKAc phosphorylates p65 in the cytoplasm, whereas MSK1 functions in the nucleus. TNF-␣ induces phosphorylation of serine 311 within the RHD of p65 through the action of yet another kinase, PKC, and this modification similarly enhances the overall transcriptional response (82, 83) . Direct phosphorylation of the NF-B molecule at multiple sites has been shown to both positively and negatively regulate NF-B activity. Phosphorylation of NF-B is mediated by a variety of kinases (76) , which could serve as potential targets for additional HSV-mediated modulation of the pathway.
Previous studies indicated that the alphaherpesvirus US3 kinases have minimal consensus phosphorylation sequence, which was characterized as (R)n-X-(S/T)-Z-Z (where n Ն 2, X can be absent or Arg, Ala, Val, Pro, or Ser, and Z can be any amino acid except proline or an acidic residue) (10, 84) . It is also reported that US3 protein kinases could masquerade as Akt and protein kinase A and phosphorylate the same substrates as they do (24, 74, 85) . However, more evidence indicated that US3 has more substrates than originally predicted (16, 24) .
In summary, the data presented herein describe the molecular mechanism of HSV-1 protein kinase US3 to abolish the NF-B activation. Our results reveal a novel function for the US3 protein contained in the virion as an early inhibitor of the NF-B signaling pathway. We provide convincing evidence that US3 efficiently inhibited p65-mediated transactivation by hyperphosphorylating p65 at serine 75 and preventing its nuclear translocation. Furthermore, we also demonstrate that the protein kinase activity of US3 is essential for the blockade of NF-B activation, indicating that it is the process of phosphorylation that causes this pathway inhibition. These findings contribute to our understanding of the immune antagonism employed by HSV-1 US3 to dampen host antiviral signaling while potentially having implications for future development of therapeutic interventions to modulate HSV-1 pathogenesis, vaccine design, and gene therapies.
